In the general case, we apply our argument to instead of to /'(z). If re is the angle corresponding to r, then is continuous and convex. The result of the theorem follows on making e tend to 0. The field theories of the electron and positron and also of the meson are developed by means of a close analogy with the photon. The analogy consists in the representation of the tracks of these particles by means of null-geodesics. The choice of notation is guided by the attempt to arrive at a theory in which the lengths (h/m0c) and (e2/m0c2) occur naturally without reference to the structure of the particles, and in which the concept o f quantization of electric charge is included.
I n t r o d u c t i o n
The purpose of this paper is to develop field theories for the positron and electron and for the meson by the application of a method which was first described in its elementary principles by Fisher & Flint (1929) .
At about this time a number of attem pts to develop a field theory of the electron were made, and some of this early work is similar to th at of Proca (1936) who described his work as a theory of electrons and positrons, but the theory is unsatis factory as a theory of these particles because it applies to a particle of integral spin.
The work of Yukawa (1940) and the later discovery of the meson has shown the significance of these earlier attem pts to establish a field theory.
The work now to be described shows the relation between the two types of field theory and makes clear a limitation which still persists in them.
The principle on which the work is based is th at the use of the four co-ordinates of space and time in the description of an elementary particle or of the field associated with it is insufficient. At least one additional degree of freedom is required and th at is supplied by a fifth co-ordinate. The difficulty of attaching a physical significance to this co-ordinate is offset by the formal simplicity th at results in the quantum equations by the adoption of a five-dimensional geometrical background. The advantage of this system of description does not result merely from the simplicity of form. By the use of geometrical concepts familiar in the theory of relativity, original suggestions have resulted (Flint 1940a) .
Any theory must take account in a natural way of the fundamental lengths hjm0c and e2/m0c2 which are associated with a particle of mass m0.
These quantities should be introduced without reference to the structure of the particle to which the mass, m0, is assigned. In the case of the electron it should not be necessary to regard the particle as a sphere of radius equal to where k is a number depending on the distribution of charge. The theory must also include the concept of quantization including that of quantization of electric charge. The five dimensional approach is satisfactory in all these respects. In addition, the theory takes account of the correct type of invariance of the equations it introduces. The fifth co-ordinate has the characteristic of a cyclic co-ordinate in dynamics, not appearing explicitly in a large number of the expressions used.
All the components of vectors and tensors occurring in the five-dimensional theory can be readily interpreted (Flint 19406) , and they are found in another guise in other methods of description. Many of the essential features of the analysis are now known, and a brief account of it is all that appears to be necessary. This is given in the following section.
P r i n c i p l e s a n d n o t a t i o n
The original purpose of the extension of the ideas of the principle of relativity to five dimensions was to unite the theory of gravitation with the theory of electro magnetism. This idea is due to Kaluza (1921) , who showed that it was possible in this way to represent the motion of a charged particle in a gravitational and electro magnetic field by means of a geodesic. and the contravariant quantities associated with them are
where the affixes have the values 1-4 and the s denote the coefficients of relativistic four-dimensional geometry, while the 0 's are components of the electromagnetic potential.
In accordance with a suggestion due to J. W. Fisher (1929) , the particle is to be considered as describing a null geodesic, and thus one can divide throughout by y 55 in equation (1) and make use of the resulting expression for the line element. The relations (2) and (3) are then adopted with y55 = 1, and the quantities y mn, etc., are retained to denote their former values divided by 755. The constant a will be described as Kaluza's constant, and it is determined by the requirement th a t the geodesic is a null geodesic (Flint 1940a) . The value obtained in this way is a = e/m0c2, where e is the charge associated with the particle and c is the velocity of light.
From the fact th at the geodesic can be reduced to the form m0 x acceleration = force,
it is natural to interpret m0 as the mass of the particle. I t is, in fact, the rest mass because equation (4) appears in the relativistic form.
By treating x h as a cyclic co-ordinate and adopting the relation <j = nh in analogy with the relations ( j
where l0 is a fundamental length associated with x5. By substitution of the value of a already obtained it follows th a t
These considerations may be described as the particle aspect of the problem.
The modem quantum form of (pp5da:5 = nh is
Field theories of the electron and positron and of the from which it may be shown th at the operators Q = exp (27 n xb/l0)and Q* = exp ( -possess the property
These may be interpreted as operators which alter by unity the number of particles of mass m0 in a particular state (Flint 19406) . In proceeding to a field theory a simplification is adopted corresponding to one th at is familiar in electrical problems, especially in circuit theory.
Where oscillations occur it is convenient and often sufficient to suppose th at the time co-ordinate occurs in the form exp ( io) ) , where the oscillatory motion with which the problem is concerned. This constant can be expressed in the form 0) = 2n/T, where T is the period. The length l0 bears the same relation to x5 as T to t, and only those problems in which 5 occurs in the fo exp (2mx5ll0)will be considered. From the value of l0 given by equation (6) it appears th a t m0 will occupy a place in the field theory, and for each particle of m0 there is an associated field theory. It will appear th at this simple assumption with regard to the form in which x5 appears in any quantity depending u for the description of the nuclear field theories so far considered.
By analog}^ with the applications of Fourier's theorem to more complicated functions of t, an obvious way is indicated to extensions beyond this simple depend ence on xh.
I t is important to remember that quantum field theories are concerned with spinors and matrices and th at these quantities have also the characteristics of covariant and contravariant vectors and tensors. A particular analysis is required for these operators so th at the correct invariance may exist in the equations .em ployed. An analysis has been discussed in its relation to quantum problems by Schroedinger (1932) , and another suitable for the present purpose has been described elsewhere (Flint 19406, 1942) .
The five-dimensional Christoffel bracket expressions will be denoted by and a complete tabulation of their values for the case when gravitational field is negli gible has been made by J. Cattermole (1942) . Some of the values for the case in which a gravitational field exists have been worked out by Rosenfeld (1927) .
In quantum field theories the gravitational field plays no part and it is neglected in this discussion.
This paper is concerned with covariant differentiation in a five-dimensional continuum so that the quantities A*v replace the quanti relativity.
In the calculus of the operators used in this theory certain four-rowed matrices, y fl, and the associated contravariant quantities y^, occur. There are five of these with H = 1,..., 5. They have as fundamental a part to play in the theory as the y jJV and gmn occurring in the five-dimensional and four-dimensional line elements. These matrices satisfy the following relations which correspond in five-dimensional analysis to Tetrode's relations in four dimensions: r^7 , + r , r /< = 2r^-(7) Similar relations hold for the contravariant matrices and, in addition, 7'"7v + 7»<7/i = 2<^V (8) I t is possible to show by means of the concept of matrix geometry (Flint 1935) th at these matrices satisfy the relation
where Av is a four-rowed matrix which has been interpreted as playing the role in matrix geometry corresponding to th a t of in Riemannian geometry. An operator of this character was introduced in a four-dimensional analysis by Schroedinger (1932) .
The values of these matrices for the case when the gravitational field is neglected have been determined (Flint 1942) .
As is the case with all the five-dimensional vectors required in this theory it is possible to relate them to four-dimensional quantities (Flint 19406) . In the present case we shall denote the four-dimensional quantities by fim and add a scalar quantity P in the following way: Since no gravitational field exists, it is unnecessary to distinguish between covariant and contravariant components and / = fim.
The values of the quantities can be recorded concisely by means of the following table:
Pv P 2) /?3> A and P. can be obtained by writing , x -z = u = v = 0 and so on.
I t can be seen that /? = PiPzPzPv and there are here five matrices from which can be derived ten more from products of any two. These, together with the unit matrix, make up a set of sixteen leading to an example of the notation introduced by Eddington in the Relativity Theory o f Protons and Electrons.
The value of the matrices y m, y m can be obtained from the relat but the most convenient for practical purposes are the values of /?T O .
As in the case of the tensor calculus, ordinary differentiation is generalized to covariant differentiation, so in a theory in which vector and tensor operators play a part a further differentiation is necessary. The operation of covariant operator differentiation is
in which A^is a four-rowed matrix with the character of a covariant vector. In the case of a quantity such as the single-column matrix \}r the operation of differentiation becomes
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and for the adjoint matrix ^ consisting of a single row of components rjr\n = , where r/r*x is the complex of
These operations ensure that the equations employed satisfy the correct conditions of invariance.
The field theory of operators is evidently likely to be complicated as has been shown in the application of these methods to the theory of the meson field (Flint 1942) . But it is to be noted that if a matrix A is multiplied by \}A and to give the product \ J A . A r ] r , the result is an ordinary quantity, the matrix character being lost. The quantity can be written in the form I t is necessary to distinguish between these suffixes which refer to the rows and columns of the matrix and those which are to be referred to vector and tensor components. From the analytical point of view, the significance of considering probability values in the quantum theory is that operator quantities are converted into ordinary quantities.
T h e p r i n c i p l e o f c o n s e r v a t i o n
A quantity represented by a tensor R e * is said to be conserved if its divergence vanishes. In terms of a five-dimensional continuum this means
The first and third terms being taken together this becomes
where y is the determinant formed by the coefficients y^, and it is placed equal to unity corresponding to the procedure adopted in the theory of relativity of taking 9 = I-
2-2
The equation (14) indicates th at there are five similar equations corresponding to the five values of [i.
Thus, if R^represents the tensor of momentum, energy and current, the equati (13) is the expression of the conservation of these three quantities. The components R^ are all of the same dimensions, so that in relating them to momentum, energy and current it is assumed that factors of the appropriate dimensions are applied.
Let the case ju, = m be considered. Then equation (14) becomes
H. T. Flint
provided th at R mn does not contain the factor If this is not the case the term 2nim0cRm5lh must be added to the left-hand side. Expanding the second term
The five-dimensional tensor R'IV is related to a four-dimensional tensor which will be denoted by A mn, to vectors denoted by and and to a s (Flint 19406) . The relations required now are
and by means ol" these one obtains from equation (15) 
Thus, if A n + A n -'------• be identified as the current vector a relation is obtained which corresponds to a familiar equation of Maxwell's theory placed in the relativistic form. The relations (Flint 19406) to which reference has just been made give R n5 = A n and J?5W = A n,so that a justification is provided for relati ponents of Rv5 with the currect vector.
Proceeding similarly with the case fi = 5, beginn form of the equation, viz. 
so th at the current vector is conserved. The simplest case occurs when Re* is a symmetric tensor. In this case equation (15) becomes dRmn and equation (17) ocHmn R n l 5-0.
T h e f i e l d t h e o r y o f t h e e l e c t r o n a n d p o s i t r o n
The idea of uniting energy, momentum and current density into a single tensor is due to Klein (1927) , and the content of this theory of the electron and positron is similar to that of other writers on the subject, especially to th at of Pauli (1940) . The notation to be used here has the advantages already referred to, so that a brief outline of the theory is worth while especially as it brings out an arbitrariness in the choice of the tensor which has an important bearing on the question of electron spin and shows the difference between this theory and that of the meson.
The tensor in this case is where
The matrices are readily related to the if it is remembered that the first order quantum equation (Flint 19406) = 0 r is expressible in the form ekukft + utft + m0ce5ft = 0, where k is summed over 1 to 3, and uk = JJk -< fik. Evidently To these e4 = i is added so that the matrices, e, are Dirac matrices.
is not symmetric and, if s/iV-^(e^e? -e?eP), it follows that
This follows with the help of equation (20) 
From (22) and (24) it follows th at
Thus the conservation expressed by equation (17) is equivalent to
The second term on the right of (25) is antisymmetric in m and r so th a t it makes no contribution to equation (26a). Thus (26a) can be replaced by
where
The current vector is defined to be eR^JrtiQC2, and it is evident th at a term of the form
where ni s a numerical factor, may be added to 5 without disturbing the principle of conservation expressed by (26a) or (266). This indicates an arbitrariness in the choice of the tensor R pv which is somewhat similar to th at associated with the Poynting vector.
I t appears from the requirements of experiment and also from theoretical con siderations based on Dirac's equation, th at for the field theory of the positron and electron the value of n is zero. In this case the second term on the right of the above expression for R m5 denotes a current arising from magnetization and polarization, and integration throughout space indicates th at the usual values of the magnetic and electric moments are to be associated with the electron and positron.
R e p r e s e n t a t i o n o f m o m e n t o f m o m e n t u m
In forming the expression for the density of angular momentum associated with the field, equation (24) 477
The angular momentum is derived from this expression by multiplying by l/ic. The first two terms give the orbital angular momentum and the third the spin angular momentum. This is represented by the operator hismn\^n and is the expression for electron and positron spin.
I t thus appears from this mode of presentation and from Klein's union of the energy tensor and current vector th at the choice of the factor n based on the demands of experiment, which indicate a particular value for the magnetic moment of the electron, leads by the adoption of the general expression for the moment of momen tum tensor to the accepted half-spin value for the electron.
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The next step in the analogy between the relativity theory of four dimensions and th a t of five leads to the introduction of a new field which corresponds to the electromagnetic theory. The analogy suggests th at the new field will stand in relation to the gravitational-electromagnetic theory in the same way as Maxwell's theory stands to the gravitation field in general relativity. The suggestion is th a t the new field theory will stand apart from the wider relativistic scheme of five dimensions and will require some new concept to bring about a union. This may be brought about by an application of Weyl's principle of gauging, and suggestions for this have already been made (Flint 1935 (Flint , 1938 .
The principle underlying the adoption of equations for the meson field is th at to a particle describing a null geodesic there is an associated field. In this idea the case of the photon and Maxwell's equations are guides.
A striking example of the use of this analogy is to be found in Fermi's theory of /?-ray disintegration. He based his work on the analogy between the emission of photons in spectroscopic processes and the emission of electrons and positrons in radio active processes. The work of Yukawa and the discovery of the meson make it clear th at the analogy should be in the emission of mesons in the processes of radioactivity.
I t therefore appears th at the field equations to be adopted for the theory of the meson field are (Flint 19406) -^r = 0 (3i) dxx dxf1 dxv and 0.
(32) Equation (31) is a simplified form of the equation
which represents the vanishing of the divergence of (T*lv) when this tensor is anti symmetric. Thus the case considered corresponds to th at of the electromagnetic equations in the absence of charges, and no terms referring to the sources of the meson field are included in the equation.
It is also assumed that (T^) is of the form
The vector ( / ) has four components (fm), the fifth being zero. Thus
since/ is assumed to contain x5 in the factor exp ( 5), where k = 2nm0clh and m0 denotes the rest mass of the meson. I t now appears th at equation (32) 
I t is also convenient to introduce the quantity U0, according to the relation
Thus A 4 = U 0. (39)
Many writers on this subject describe the quantities (A2S, A 31, A l2) as a vector (Gv G2, G3) and introduce another vector (Fn), where
Thus writing
it follows that A n0 = Fn . ! These substitutions, together with the relations (36), enable one to pass from equations (31) and (32) to those depending on ( ) and (Um). Since the effect of gravitation on quantum phenomena is negligible it is not necessary to make a distinction between contra-variance and co-variance in the case of four-dimensional quantities such as A mn, A mn and Um, Um.
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The equations (31), (32) have been discussed elsewhere (Flint 19406) so th a t it is not necessary to go into detail again of their transformation to equations in the four dimensional quantities. The operator -i&K< }>nj b
y Dn for the sake of brevity. I t is convenient to write
• v
(j>n ) will be denoted Di = -iD 0.
I t has been shown (Flint 19406 ) that in the case = m^5 equation (31) 
and when
Equations (43) and (44) have been adopted by several writers as the basis of the meson field theory. The present notation adds naturally a fifth equation for the case 5. This can be written in the form F-n Un w here summation over m and n is from 1 to 4. The second group of equations (32) can be transformed in the same way.
In the case (A,/i, v) = (l,m, 5) it follows that 
This equation gives rise to
In the case when no suffix equals 4, this becomes
and when one suffix equals 4,
This formulation of the equations shows that in the four-dimensional representation the meson field is based upon a vector U and scalar U0.
H. T. Flint
It can be shown that (Um) satisfies the following second orde 10406):
where O is written for the operator which corresponds to the Laplacian in this continuum
n being summed over the values 1-4.
The m e l d t e n s o r o f e n e r g y , m o m e n t u m a n d c u r r e n t d e n s i t y
A feature of this method of description is the union of the current density with the energy tensor. This tensor is formed in exact analogy with the energy tensor of the electromagnetic field. First form the tensor as follows:
jPfiv'm r £*P'<*'r £ v t (54)
From this the energy tensor (R/a> ) is obtained
denotes the complex conjugate of T** except in the cases wnere one of the affixes is 4. In this case, one writes, for the contravariant position of this affix, rpm& ^rpmO and for the covariant position Tmi = -iTm0.
Then T*mi is defined to be iT*m0 and T*4 is -iT*0, where T*m0 is the complex conjugate of Tm0 and T*0 is the complex conjugate of Tm0. This notation is con venient on account of the imaginary character of (= ix°). An example of the notation has already occurred in equations (38) and (40).
It is found that where i and k are summed over 1, 2, 3. In the case when there is neither gravitational nor electromagnetic field, this expression with the help of the field equations reduces to -R M = \ curlU*.curlU + U*. U + ^d iv F * div F + F*. f ) .
(58
T h e m e s o n f i e l d i n t h e p r e s e n c e o f g e n e r a t i n g s o u r c e s
Equations have been proposed for this case by a number of writers on the subject of nuclear field theories. One of the earliest suggestions made in attempting a field theory of charges (Fisher & Flint 1929 ) was th at the appropriate field equations were of the form --= J>, --= K*.
(Gev) can be regarded as the dual of a tensor (FApa) related to (F^v). The vector densities (J>) and (J£>) represented the charges responsible for the field. I t was proposed to apply equations (60) in a five-dimensional continuum and to consider the problem as analogous to the case of the generation of an electromagnetic field by electrons or other charges, (I£>) corresponding to a magnetic current density. This analogy can be carried out more simply than appears from this suggestion to give a theory of the nuclear field. The source of the field is assumed to be an entity, which has been described as a nucleon, capable of existing in two states, the neutron and proton states, and from which a density corresponding to (K*1) is derived. The vector (J>) is placed equal to zero in this case.
The total energy and current will be obtained from the sum of the energy of the sources and of the field. This will be derived from an energy tensor consisting of a term analogous to expression (19) and of a term analogous to (55). The sum of these will be assumed to be conserved. This is a result analogous to the electromagnetic case in which the energy consists of the energy of the charges and also of the field, the total being conserved in a closed system.
The characteristic feature of the new field theory is th at the field tensor is no longer expressible in the form of the curl of a vector. The equations adopted in accordance with these assumptions are:
where (F>") is the field tensor and (PA/t") occurs because the left-hand side of equation (62) no longer vanishes automatically.
The tensor (V^) will be written in the form
where (T/w) is in the form of a curl. Then write,
although (T , f fl and U^) are not necessarily identical with the quantities represente by these symbols before.
It will be assumed that (T v) and (t/J depend on 5 through an exponential factor exp ( Ik x5 ), and that ( S ) contains the factor exp (ilx5). These constan have values 2nm0clh and 27T/u,0c/h respectively. This is two sets of terms with masses ra0 and /i0, and equation (63) results from a super position of two fields.
The tensor ($"") is assumed to be antisymmetric, and in the case when one suffix has the value 5 = iWn (65) is written in conformity with the procedure already used. I t follows from equation (62) Thus the quantity represented by ( Qm ) is conserved. as the dual of ( P i m n) , an(l this fact and equation (68) are a help in the choice o suitable expression for (PA /<") in harmony with this theory. Equation (68) now reduces, as in the previous case, to the form
Thus the additional term ( lW m ) appears without the use of a quan represented by (Jf1) in equations (60).
In deriving this equation it must be remembered that a = e/m0c2 for the mass m0 and e/ju0c2 for //0, so that ock and od have the same value 2ne/hc.
The tensor (F^) can be represented in the usual way by four-dimensional quantities. Thus
Hence
Neglecting gravitation equation (69) becomes (66) becomes
The question now arises as to the expression for PX/iV. A suggestion comes from the fact th at its place in equation (62) causes it to resemble a current density and equa tions (67) or (68) give a condition which it must satisfy. This is a reminder of the expression occurring in the theory of the electron in equation (22), viz.
The expression within the brackets is antisymmetrical in p and v and thuŝ = 0 dxv is automatically satisfied.
(75)

T h e n o t a t i o n f o r t h e d e s c r i p t i o n o f e l e m e n t a r y p a r t i c l e s
An elementary particle is described by a single-column matrix \jr with four components (ftn)-A particular energy value is associated with three other values giving four values characteristic of four states. Two of these have positive energy values and two negative values. The members of each pair differ, one being associated with spin in one direction and one with spin in the opposite direction. There are thus four spinenergy states associated with energy values H2, H3 and H4 or typically (Hs). Thus a particular state is represented by {ftn')> and for ea ponents. This may be written for simplicity in the form A linear vector operator 0 is required which will transform the state represented by into another repre sented by In the case of the nucleon, which exists in the two states of neutron and proton, consideration must be given to the representation of the transition between these states. This can be described independently of the transition just considered. A func tion W1 exists to describe the neutron and this satisfies Dirac's equation. I t then has four components and four spin-energy states. The function for the proton has similar properties. The nucleon is thus represented by , the neutron state by / ja / 0 \ 0 \ j , the proton state by ^j • A transformation ^ ( / j ~ ) *s described as a transition, from a neutron state to a proton state and vice versa. Such changes can be brought about by matrix operators of two rows and two columns. Thus tn p = ^ has the following property: so th at it is an operator which changes the neutron into the proton state.
Similarly, if
PN\
The operators tn = Q Jjj and tp = ^ applied to the nucleon W = act as follows:
and thus serve to pick out the two states respectively: These operators do not alter the spin-energy state, so th at if a proton becomes a neutron it carries its spin into the new state. This is a type of transition contemplated in nuclear processes in the work of Heisenberg and can be conveniently described as a Heisenberg transition.
If an operator, O, such as that already considered acts simultaneously, e.g. in the case TpjvCW ' there is a change of spin energy in the proton state and a change to th e neutron state. In this transition the particle does not retain its Original spin state. This type of change may be described as a Majorana transition, since it is one contemplated in the work of this writer.
I t must be remembered th a t there is no operation between r and , they actindependently on different elements of the quantity W. When a proton is generated the equivalent negative charge must appear in order to preserve the conservation of charge.
Suppose this to take place in the generation of a particle. The operator which describes this is denoted by Q with which is associated the complex operator Q*. I t will be supposed th at Q causes a diminution by one in the number of certain particles associated with a rest mass /i0, while Q* causes an increase by one.
Thus if a function f(n) depends on the number of such particles the operator Q changes it to f ( n -1) and Q* to f(n + 1). The use of the co-ordinate x5 as mentioned in the early part of the form of Q, for if x5 is now treated as an operator it is known by analogy with the case of the harmonic oscillator (Dirac 1935) th at Field theories of the electron and positron and of the meson 31
have the properties required. If one writes l 27T/i0c/h the operators denote the disappearance and the appearance respectively of a charged particle of mass fiQ . Thus -X>" of equation (81) must be replaced by
In this way the co-ordinate xb appears. In the case of (/i, v) -(1,4) so th at (Y mn) is the dual of (Yp(n). I t is therefore assumed that
and similarly for the other affixes.
The constant g appears as a measure of the strength of the sources, and its inclusion is justified because the conservation required by equation (67) leaves a constant factor arbitrary.
In the summation the terms in which p -1 and 4
where r is summed over 2 and 3. From equation (73)
The appearance of s54 is due to the transformation to four-dimensional quantities (Flint 19406) for
From equation (73) it is seen th at y 3 6> i4 + suy3)QtnpW, Wz = -+ s24yx) QtnpW.
All these expressions simplify in the case when there is no gravitational field, when one can write 
K
The multiplier gl is proportional to a constant gx introduced by writers on this subject, and g is proportional to another constant denoted by g2. Thus two in dependent constants have been introduced into the theory. The presentation given here suggests that a relation exists between these constants which is determined by the mass of the particle which is associated with the operator Q. Thus 9il9z = l = 27 and the value of this ratio which is required by the comparison of experiment and this theory will indicate the value of the mass ji0 associated with the particle appear ing in the transition. In some calculations made by Bhabha (1938) it appears th a t the mass is th at of the meson. I t appears th at if experiment suggests other values for the ratio the resultant indication will be that particles of other masses are associated with the transition.
T h e e n e r g y t e n s o r
The energy tensor for this field is derived in the usual way from the field tensor: 32 H. T. Flint This energy density is made up of three parts: (1) consisting of terms derived from the tensor (T^) alone; (2) terms arising from products of (T/xv) and (S^) ; and (3) terms derived from (S' ") alone. The group (2) represents interaction between the field (T^) and the field In analogy with the electromagnetic case one adds the energy density of the particles which give rise to the field, i.e. the expression obtained from equation (19), in which \Jr is replaced by W for the nucleon, is added to the expression (85) and the sum of these is conserved.
In the expression derived from (19) it must be remembered th at the masses of the proton and neutron are different and that the neutron has no charge so th at it is not affected by the terms in (e<frn).
It is convenient, in order to take account of these points, to express the energy density ( -R * 4) given by (19) by the application of Dirac's equation (21) 
To obtain the total energy density this expression must be added to the energy density of the field obtained from equation (87). To take account of the neutron and proton states one must write (88) in the form -R u = ¥/tm1c2e5TjV¥/ + y t m 2 c * e 6 T P } P -e ( j > k W ekr \c{ + p k where mx and m2 denote the rest masses of the neutron and proton respectively. The current vector for the sources is, as in the case of the electron, given by ePP\emTPW, the operator tp occurring because the contribution to the current is from the proton only.
The total current density is the sum of this expression and that derived from equation (85) corresponding to R n5 of equation (59).
Some writers on this subject have adopted the expression -(k¥c/ 27t)2 R u as the energy density, which is equivalent to multiplying the expression (87) by m02c4, where m0 is the mass of the meson. Comparison with the equations used, e.g. Bhabha (1938) , shows that the following relations exist between the constants gx and < 72 and those introduced here: In the application made to particular problems these terms are regarded as representing a perturbation, and the method employed is a familiar one in quantum mechanics.
The current density is obtained as in the case of expression (59) for the pure meson field applying the factor ( e / c h c f i n) to The expression jn = ^i { C * nrZr-C n r (91)
l7T
To this must be added the expression for the current from the particles which is obtained from expression (19). This gives an additional current density jn _ eW\enTpW.
